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Alerting Abstract CN A 

NOVELTY - Method for producing synthetic gas from low carbon hydrocarbon and 
inorganic compact oxygen permeatable membrane reactor is new. 
DESCRIPTION - The present invention features that the catalyst bed layer is separated 
from the oxygen permeable assembly; that hot air and oxygen-rich gas are led to the 
oxygen permeable side of the membrane and natural gas and low carbon hydrocarbon or 
reducing mixed gas of low carbon hydrocarbon and CO and/or H2 are led to the reaction 
side to produce deep oxidation at 800-1000 deg.c and 0.1-1 MPa obtaining the mixture of 
low carbon hydrocarbon C02 and/or steam; and that the mixture is led to one other area 
with reforming catalyst to produce combined catalytic reforming reaction of 
hydrocarbon, C02 and H20 producing synthetic gas at 800-1000 deg.c and 0.1-1 MPa. 
ADVANTAGE - The present invention has long service life of oxygen permeable 
membrane, expanded range of applicable membrane, reaction capacity at the conditions 
of high space velocity and great concentration, reasonable energy utilization. 
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ft m s * =b 



jei/2K 



&. WlA&1ttR&*] CO sR/fl ^ffl^WaiStt^nff, W1*SEJ!ittiR£'*M* 
MS*&*TOffl#lR***4£®*Ril-fc 1.0 x 10" 3 ~ 80ml cm- 2 min ', £ 800- 1000°C 

9IA8— EttttMMMMN±. £ 800 ~ 1000°C i&£*n 0.1~lMPaffi^3W*#T, 
4 1 J*^F tfc CH 4 /H 2 0/C0 2 = 3 / 2 / 1 o 

S4f: o.4~o.6 ft h 2 ^ co JS*tk3> 2 ffj-^n^M 

^•a*4ft*asiittn#Bt, ^&&mttmmtn&%-. ^wsreg&w zro 2 ,Bi 2 o 3 

fflT^fe^#5Rffl££*m. Mtt^ft^Mttl^l Sr 4 F e6 . x Co x 0 13 . x 

fck^ 0.4-0.6. CH 4 /H 2 = 1; pr^iSffl W«»Ktt^K: W Z*V Bi 2 0 3 

tti&tttt. JUK^ttW^JSifrfr* Sr 4 Fe^Co x 0 13 . x 
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ft *l £ * # 3&2/231 



& CH 4 /H 2 0 tfcfc 1.4-1.6, OtyCO \t% 2.8-3.2: ^iftfBMaifcfflltftt'&Jet 

2 0r*Kj£Pi]teJ& l »5&58fc*lffl# 2 WiaWM±JFW**l i, H* 

M&nn 5, fi*S}JFWtbnP 6; £i2*U8£# 2 Mftffll&Jg 4 tfilWifim 
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ft m =& 



!gl/15£ 



M> *tt& (C 2 ~c 4 )> ¥^^X^ n a p^Wl4kf;^^^^Jffl^o,^Mn^fig 
M^WffisSSIS, K±Bril^*¥^. ^^ifcX^lttJ: 
Hffl (ttlfrP^ (Haggin, Chicago C.E., Chem. Eng. News, 70(17):33 

(i992» mmm^HWiti&nm&f&mwmnmik^&MTZ*, & 

ft, Wj£7Ksgfttt (SMR)o ftffl (ftlft^i) (Choudhary,V.R., Rajput, 
A. M., Rane, V. H., J. Phys. Chem., 96, 8686(1992)X HH (Bharadwaj, S. 

S., and Schmidt, L. D., Journal of Catalysis 146,11-21(1994)) JgllJ, Ekl^HjMSS 

tififi, «4HftK»igtt*&tBS; j. co/h 2 tt«», rwm&w&ttmTfem 

12. ifi^*. $ffJF£MX2W#ffi4fcg|5#$Ufc (pox)> K£-fifiX2 (smr/o 2 r), 

gill (ATR) f^BflMfc) (Balachandran.U., Dusek, J. T., Maiya, P. S., et al., 
Catalysis Today 36(1997) 265-272), f+Sf^altfM (Dong Hui, Xiong Guoxing, 
Shao Zongping, et al., Chinese Science Bulletin 45(3)224-226(2000)), 
6048472 m%&. &mXttm&im. W&&&&&*$1jM&SMR&ffi&}&, 

mmmm&M&m®. «&n 2 m##, iii^^n, 

*. $ftiHT/&#&. inUffl^^J 6048472 mm, ATR X2,5*fcWifcS* 

95-99.9%, mmM&*&&ftmff#m*a&tomto*. a*. HMft$*us*$* 
Mi (±m^ttiistt, 1983), n*m%fa mw&=?m cite-fess. * 
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& ® 45 312/1531 



uss^wft^. &3M*«ii&#tt$*i8, ^m^sswBW: a-gsttrawftaw 
^mwi^^. ^mg(S?iSii^«si&±m»3g^#tt^ ioo%, «*i4H«i», 

fciits^*!! 6048472 mmxZo mxzm±w>m£ 

ft, SSKWfRlSfll**?*. stSWJ 6077323 $ltBfi<]-#X2«. 

99124427.3). &*»i^gWfl^#mtt^l&/£ 

l^UiUtt,} (Balachandran.U., Dusek, J. T., Maiya, P. S., et al., Catalysis Today 
36(1997) 265-272) fi^f T^JSflN&^tfJ Rh mmfflmfflcMLBL&#+&tfn 

ffiflifc)) (A. Slagtem, Unni Olsbye, Applied Catalysis A: General 110(1994) 99-108 

A. Tsipouriari, Z. Zhang, and X. E. Verykios, Journal of Catalysis 179(1998), 283-291 ) 
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& m 45 3g3/153l 



1.0 x 10- 3 ~80ml cm- 2 min-' ( W If ^M^illRit). £800- 

iooo°c »k*d o.i-iMPa e^#t#t. ntff$iBL*.ikR&, mmmmmfm\t 

nW«^»5IA^-E«Wm»fl8«i?RI±. £ 800- 1000°CMW 0.1~lMPaJl^ 
JB^+^tt W*^»itfc CH 4 /H 2 0/C0 2 = 3 / 2 / 1 ; 

(2) ^M«'JS in h,^ co*#tfc3j 2 toitj&Hffft&fe&m'&HWtf, 

slwuirel; <&/anwtin*tfcfc o.4~o.6 ; fcpjwra^*i*#&ftttji^»;2:tfc 

CH 4 /H 2 0/C0 2 = 3/2/1: ^ftMftigfUKttMft: mn^mm Zr0 2 , Bi 2 0 3 
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H,^*JBUg. H,*JF-^ffis««a^a»i H,«|«|3Efbfc* 0.4-0.6. CH 4 /H 2 =1; RTfft 

Jgtt&ttWfcMfl:^ Sr 4 Fe 6 . x Co»0 13 ., HB* M^f^l 

Taittt^ffifi^tMfctt. UJl2^ffl±a*t»J5Hl*. ^B&3E«l«aH4fc«iefft 

(4) ^5Rffl«&*D CO ftfc&Etta^nttB*. &%®m&f&HJ ic ®}n 

aH 2 #»jB, C0«^«£, 7jC^^-^ia*4; CH 4 /H 2 0 tfc* 1.4-1.6, CH 4 /C0 

it* 2.8-3.2: pimmmmmtm&ft: jwrara&WM z r o 2 , BiASfc&ft 

»^^%^##3RffiJ[^#», gjR^WW^Jgft^ Sr 4 Fe^CoA 3 ., 

±&#&4^&Mi4Mtfc«Wm H 2 /CO=2 (&R*nT£ 1.8-2.1 6*) 

9UR&# 2 JftXftfifflttjft; SigfLE 1 If 3fiit*tM# 2 HfifiMM±ffW** 

nttwano 5, «jfwta^p 6-, &it«M# 2 ffigftffliffji 4 

iooo°c. ffiij* o.i-i MPa WftSn**&W***Mfc*l*»nn 5 iiAjSHIS 2 - 
«M&fcE 1. a«*l#»'JM,itinP 6 fttfi. <ft$£#ate«£*n co g£/*n H 2 M 
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ft m =8 315/1531 



~ iooo°c is, o.i~iMPa ffi**#T. ^fjw-a-^n^ti* 

tt^^oT^ffi CH,, CO+H 2 , CO 5g h j: 

2. ^mam^Mmm^. mm*m&fflkR%fm&n.ft&&. rem 

-mmitR&mt&RM, %rm&mrm%mmRm, mm 
&WL&ffim. &m&jG&w&Rmmto®a. 
5. immttM^nrnxtrnttft, m^mmmup- 
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ift w v mmm 



w«s 65o°c *%mn&tox&mft&m&&MiR&&8m, # 

S^£/&C0 2 *nH 2 0iaAM$llx, «aTS»f8ftjW±IR«3«*. S^TflSlkJWW 

o) h 2 o &a$iM&ix#^&&. h 2 o m^mmmmm 

SfiftftJiSfr. <4-0iSifc> (Balachandran,U, Dusek, J. T., Maiya, P. S., et al., 
Catalysis Today 36(1997) 265-272) M&TO&^M Rh li^JtffME 

Jffi*t^«nW«j*. ffr»tt*MK*« Ni £{g4fcfrJJ8?¥&$#*Ufc£j&Wtt£ 

feM^^fe, l]£fflfflHfc> (A. Slagtem, Unni Olsbye, Applied Catalysis A: General 
110(1994) 99-108)— J^tB Ni g$l#,ftJ£ ¥j£»fWS&J®+tt 17 /MtfttffcJSs US 
ifc^^» (V. A. Tsipouriari, Z. Zhang, and X. E. Verykios, Journal of Catalysis 
179(1998). 283-291) &£ft4ll3tt&%. «ffi£*W^nM&#T. Ni £ 

ffllfcffj. 400 /Mlt&jffi*je,flMfcJWiSttWfiT*. BffJ.»aftag^«»ilg^?F. 

3. smasigiiiKSjsss+^iSfiijg^Maiag^, fffl^ftfciWMft. 
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mm i ttmL$mMkR&#*mmi 

mm 2 m&wmfctivcimmmmte&m&wn®: 

mm 4 M>&&mitft3fflM®wm&.&&wM® i 

mm 5 mmm&f&Hffix®fefcR&%&¥&£p&&Hto&mmn® i 

mm 6 ^fyffi Hj/co tissf s^fiisss^^^^nwjssaEsa; 

&5.m&&nm*i (To) ma 2 ^tHT^jfi^+^fflw^s^ 

ttaERtt'nftaaw^a, n^f^jm.mmmm 2 mas. 
iims^ 13, mmmmK*\WMtm 12 isss^rtWTW^. 

10 MM*. 10 A 

m±*nb#. T^^^^sen^M^^ 5~iocmo K^mKm&m.m®K 
&mm*to&mmim!m. 1. ^m^igMtrtwsiBi^Mfi^MiSE 3 0 
tLtTmwtem9&toitoE&&%w 9 mm, #w«wia^p 5 m^p 6, 

15. MtH^WJWtnPS^AIK^flBWjSHEi, 

17 4ttinP 6^! SsfriflgteaiSittfiJ&ntt 18 4i^P 7 (±fP) iSAJBt 

mmmvcn&s.m 4 19 Mttsnp s (Tt p) wan. mm®. 

SrFe 0 sCoO } ^&mik®ft%mM,m&.M&ttn, t-fe20mm, t@9mm, HJP 1mm, 
S#4tf&£fij£». $nffl2 0pj*. fiI&*+Jfc£#teTO££t. 0.5gNi/y-Al 2 O 3 
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% m ^8/15^ 



(40-60 @) 

800*0 ii&mSit 20, Sa^P 5 ilA^*^ lOOml/min tfj 

5% ^M^^6SP*. i^-HP 7jlA40mymin 5%H 2 WHe+H 2 yl-^n#, $ 

Ni 800°C 2 'Mtf, &&800 6 C*S&, »3j lOml/min 100%tfj 

40ml/min. £^M£##ig«&/SE ftWfcfc? W#aJW8*Eiifctfll*t 

CH 4 + 2 0 2 -»C0 2 + 2H 2 0 
75%¥&-5 C0 2 # H 2 0 »Att$PWfSfliSSE£j£E, 
CH 4 + C0 2 ->2CO + 2H 2 
2CH 4 + 2H 2 0->2CO + 6H 2 

CH 4 + 1/2 0 2 CO + 2 H 2 

CH 4 + 2 0 2 -> C0 2 + 2 H 2 0 AH = -801.7 kJ/raol 

CH 4 + C0 2 ->2CO + 2H 2 AH = 247.0 kJ/mol 

CH 4 + H 2 0 -» CO + 3 H 2 AH - 205.7 kJ/mol 

SQ&M CH 4 + 1/2 0 2 -» CO + 2 H 2 AH = - 35.5 kJ/mol 

800 ~ 1000°C> latm tfj£#Ti£4T , 8000 h', M/^eWB 

feit^^i'j. & 9oo°c 400 'Mtt8.imft&n'p, vxwxmmwmin, 

Gf8.HtfyJ*M& 300m 3 day.¥j%&«)^^^ 98%, CO 95%.H 2 /CO=1.9 

- 2.o, issfflf f-t mmmsmm h 2 / co tfc#j. m&. r^m^t 
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& m *s H9/i5m 



tt.«98%, CO tfj&gtt^ 95%, Hj/CO^l.9-2.0. 

SII (Zr0 2 ) ,. x . y -(Ce0 2 ) x -(CaO) y (x = 0.05 -0.20, y = 0.05 -0.20), (Zr0 2 ) 
,.,. y - (Ti0 2 ) x - (Y 2 0 3 ) y (x - 0.05 - 0.20, y = 0.05 - 0.20), (Zr0 2 ) ,,- (Tb 2 0 35 ) x (x = 0.1 
-0.4), (Zr0 2 ) ,- x ^-(Tb 2 0 33 ) x -(Y 2 0 3 ) y (x = 0.05 -0.20, y = 0.05 - 0.20)s£ (Bi 2 0 3 ) 
.-x- (Tb 2 0 35 ) x (x = 0.1 - 0.4)8*, my%m*m&ftMAto CH 4 M% 1.0 x lO 3 -5.0 x 
10" 2 ml-cm" 2 min"': 

SMLn,. x A x Co 1 . y B y 0 3 . 5 (Ln = La, Ga, Sm, Nd, Pr, A = Na, Ca, Ba, Sr, 
B = Cr, Mn, Fe, Co, Ni, Cu, x= 1.0-0, y = 0-1.0), SrCo,. x M x 0 3 . 8 (M = Ti, 
Cr> Mn, Fe, Ni, Cu, x = 0~0.8), SrCo^Fe.CiiyO^ s (x - 0 - 0.5, y = 0~0.3), 
Ln,. x M x Co0 3 .«(Ln = La, Pr,Nd, Sm, Ga, M = Sr, Ca, Bi, Pb, x = 0 - 0.9),La,.„M x CrO 3 . 
, (M = Ca, Sr, Mg, x = 0.1~0.9)> Y 0 05 BaCo 095 O 3 . 5 , Yo.BaosCoO^sE CaTi,. x M x 0 3 _ 
6 (M = Fe, Co, Ni, x =0.1-0.3)8*. W2fffi#J!lffl#iIAW CH 4 M% 0.3 - 30 
mlcm^min' 1 ; 

YSZ-A(A=Pd, Pt, Ino. 9 Pr 01 , In,. M Pr MM Zr,. 02J . 0.4 -2), 

Bi l .5Y 0J O,-Ag 0 . 7 Pd ft3 (i8JffiM^bk^ 0.4 ~ 2), Bi l5 Y 05 O 3 -Ag(W*B&^*f,Rbfc3j 0.4 - 
2), Bi ls Er 0J O 3 -Ag(WfBtoW,bt2j 0.4~2)SRBi IJ & 0J O,-Au(WfflM#&tt>b 0.4-2) 
B*. W^M^^l^ilAWCH^^OJ-SOmlcm^mm'; 

S^ffl Bi 2 Sr 2 Ca,,Cu n 0 2n+4 ( n = 1-3, Pb, SbSP##ftBi, ffl Ba mm 

±7t%&ft&tt sr, mm±7tn y mx c a , mxtm&m Fe, c G , ni ao> 

Bi 2 Sr 2 (R,. x Ce x ) 2 Cu 2 O l0 (R=|f&±7U^,x =0-0.3), (Pb 2 Cu)Sr 2 A n .,Cu I) 0 2n+4 (A=^±7t;^, 
Ca, n=l, 2), RBa 2 . x M x Cu 3 . y M' y 0 6+6 (R=#±7ti^, M=Sr, Ca, Mg, M=Fe, Co, 
Ni, Al, Ga, Zn, x, y =0~0.5)g£ RBa 2 . x M x Cu 4 . y M y 0 8 . 6 (R=#±7C^, M=Sr, Ca, 
Mg, M'=Fe, Co, Ni, Al, Ga, Zn, x, y =0-0.5)5*. $¥#M#JK£#SLAM CH 4 
it/^ 0.3 - 3mlxm' 2 -min*'s 

Sr,. x Bi x FeO 3 . 5 (x=0. 1-0.9), BaBi x Co y Fe,. x . y O 3 . 5 (x=0. 1-0.9, y=0.1~0.9), 
Ba x Sr,. x Co y Fe 1 . y O 3 . 6 (x=0.1-0.9, y=0. 1-0.9), BaCo,. x . y Fe x M y 0 3 . 5 (M=Ti, Zr, x=0.1~0.9, 
y=0.1~0.9), La 2 Ni0 4+g 5K La 2 . Il A,Ni,. y B y 0 4+s (A=Sr, Zr, Ca, Mg, B=Co, Fe, Cu) 
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& m # B10/15^ 



B}, alAWCH 4 l^j l~40mlcm- 2 W; 

S^ffl YBajCujO^^ Y^Zr.BajCuj.yMyO^M-Fe, Ni, Al, Sn, x=0.1~0.6), Y,. 
x Zr x Ba 2 Cu 3 0 6+5 , YBa^Uj^O^, LaGa,. x . y A x B y O„(A=Co^ Ni, B=N^ Fe, x=0.1-0.8, 
y=0~0.5)> La^^Gaj.yByOj-jCA^ Sr, B=C<k Fe^ Ok Ni, x=(M).8, y=0.2~l)°K 
LaCo^A^^Fev W, Ga, B=Nk Mg) Itf, W^S^Jl^IftilAft CH 4 
#3*7 0.3 - 35ml cm' 2 -min"'. 

2 mmm^±y^m^^k io aw**, mm^mm^m^^ 

10 ^^H^ffi^trtWT¥», ±*^«^Siffi^J»fe 21 m 5~10cmo 

/^t)-^^ 19 Efeftn 8 (±fP) J**, mtLHmm. SrFe 05 CoO 3 . y X 
-^•fttt;^l#^iiOTSSWf4, a^ta-^-fijSZ^. tf-K: 30mm, 9mm, 
MJf 1mm. Ni/y-AljOj (160- 200 g) flg{fcftj 1 g «^MM^«t^± 0 
mm 1 Ml2^IMft2r&. TO^M^^n. 800°C, latm M£#T 

iSff o ^^it^JJitl:^ 30 ~ 120ml/min, 80 ~ 95%, CO 90 - 

95%, H 2 /CO=1.8~2.1. 

fiffi?^anw^#T, ^Mig^^faw^?^ 
jsaattfws co fn h 2 ^^s^m^^igM&^^^^^^M 

lltSiS, £fi&&£E^C0 2 , H 2 0£'±SKl=}-fi&£®, M-iWto 

ft&ffl. iiffl Bao.jSro.jCoo.jFep.A., 3tfUI<gMtf 14<c20mm, 
f&9mm, m.W 1mm, Ni/y-Al 2 0 } (40- 60 @ ) BUM 0.5 g. t5fc&*T&ife0J 1 
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% m ^11/15^ 



MUft. aMfflMWNttfcli. «OjftAA¥iMUg. 4 900°c, latm ttfrfemTm 

¥*SlW#it»* 98%. CO M&gHfefc^ 95%, ^00=1.9-2.0. &S55rSSiPT: 
CO+l/2 0 2 -»C0 2 
2 H 2 + 0 2 -> 2 H 2 0 
m^E: CH 4 + C0 2 -»2CO + 2H 2 

2CH 4 + 2H 2 0->2CO + 6H 2 
CH 4 + 1/2 0 2 -> CO + 2 H 2 

iSHUB (Zr0 2 ) ,_„„,,- (Ce0 2 )„-(CaO) y (x = 0.05 -0.20, y = 0.05 - 0.20). (Zr0 2 ) 
,^ - (Ti0 2 ) x - (Y 2 0 3 ) y (x = 0.05 - 0.20, y = 0.05 ~ 0.20). ( Zr0 2 ) - (Tb 2 0 3 5 ) x (x = 0. 1 
- 0.4). (Zr0 2 ) ,. x . y - (Tb 2 0 3 ,)„ - (Y 2 0 3 ) y (x = 0.05 - 0.20, y = 0.05 - 0.20)SK (Bi 2 0 3 ) 

,. x - (Tb 2 o 35 ) x ( X = o.i - o.4)Bt , mnmxmmmAM cu A m% 1.0 x io- 3 -s.o x 

10' 2 ml-cm" 2 min"'; 

Ln Nx A x Co,. y B y 0 3 . s (Ln = La. Ga. Sm. Nd. Pr, A = Na. Ca. Ba. Sr, 
B = Cr. Mn. Fe. Co. Ni. Cu, x= 1.0-0, y = 0-1.0), SrCo,. x M x 0 3 _ 5 (M = Ti. 
Cr. Mn. Fe. Ni. Cu, x = 0~0.8). SrCo^Fe.CUyO^Cx = 0 - 0.5, y'= 0-0.3). 
Ln,. x M x Co0 3 . s (Ln = La,Pr.NdxSm,Ga, M = Sr.Ca.Bi.Pb, x = 0~0.9).La,. x M x CrO 3 . 
s (M = Ca. Sr, Mg, x = 0.1-0.9). Y 005 BaCo 095 O 3 . 4 . Y <u Ba 09 CoO 3 . 8 s.£ CaTi,. x M x 0 3 . 
8 (M = Fe. Co. Ni, x =0.1-0.3)11*. ^TOM#/I*&#iIiAfl<J CH 4 ft^j 0.3 - 30 
ml-cm' 2 -min'' ; 

YSZ-A(A=Pd. Pt. K^Pro.,, In 0 . 9S Pr 0jBS Zr lunj , 0.4-2). 
Bi 15 Y 0 . 5 O 3 -Ag 0 . 7 Pd 0 . 3 (WffiM#&tfc;*> 0.4 - 2), Bi IJ Y 0 . J O 3 -Ag(MffiM#lRtfc# 0.4 - 
2). Bi u Er 0 .,Oj-Ag(MfflW^tfc^ 0.4 - 2)3K Bi.jEroA-AufMffi WftlRtt* 0.4 - 2) 

a*. n¥UM.*mmmA® ch 4 m% 0.3 - 30 micm- 2 «- ■ , 

^^ffl Bi 2 Sr 2 Ca 0 . 1 Cu n 0 2 „ + «( n = 1-3. Pb. Sb $5#f£ft Bi. . ffl Ba 
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±7C*»##TC Sr, mm±7tM Y gft Ca, mim&m Fe, Co, Ni gft Cu), 
Bi 2 Sr 2 (R,. x Ce x ) 2 Cu 2 O 10 (R=^±7C^,x =0-0.3). (Pb 2 Cu)Sr 2 A n .,Cu n 0 2n+4 (A=^±7C^ , 
Ca, n=l, 2)> RBa 2 . x M x Cu 3 . y M* y 0 6+ 5 (R=#±7ti#, M=Sr, Ca, Mg, M'=Fe, Co, 
Ni, Ah Ga, Zn, x, y =0~0.5)l£ RBa 2 . x M x Cu 4 . y M y 0 8 . s (R=^±7C^, M=Sr, Ca, 
Mg, M=Fe, Co, Ni, Al, Ga, Zn, x, y=0~0.5)l*t. OT^M^MftiiAffj CH 4 
0.3 ~ 3 ml-cm' 2 -min''; 

Sr,. x Bi x FeO 3 . 5 (x=0.1~0.9), BaBi x Co y Fe,. x . y O 3 . 5 (x=0. 1-0.9, y=0.1~0.9), 
Ba x Sr,. x Co y Fe,. y Oj. s (x=0. 1-0.9, y=0.1~0.9), BaCo,. x . y Fe x M y 0 3 . 8 (M=Ti, Zr, x=0.1~0.9, 
y=0.1~0.9), La 2 Ni0 4+e 5£ La 2 . x A x Ni,. y B y 0 4+s (A=Sr, Zr, Ca, Mg, B==Co, Fe> Cu) 
Bt, ®AWCH 4 1:^ 1 ~40nJ-cm' 2 -min-'; 

YBa 2 Cu 3 0 6+8 , Y,. x Zr x Ba 2 Cu 3 . y M y 0 6+ s(M=Fe, Ni, Al, Sn, x=6.1-0.6), Y,. 
x Zr x Ba 2 Cu 3 0 6+s , YBa 2 Cu 3 . x Fe x 0 6+6 , LaGa,. x . y A x B y O J ^(A=Co, Ni, B=Mg, Fe, x=0.1~0.8, 
y=0-0.5), La 1 . x A x Ga,. y B y 0 3 _ 5 (A= Sr, B=Co, Fe, Cu, Ni, x=0~0.3, y=0.2~l)5g 
LaCo.^.AB.Oj^Fe, W, Ga, B=Ni, Mg) H*. m^lf AM CH 4 
M%) 0.3 - 35 ml-cm'^-min 1 o 

a, um H 2 Mfc#£&*te«*uis. %nft£i$,*%m&mfti%® 24 h 2 , 

H 2 #J«tb2j0.3~0.7o 2.J^«£j£», M^SrFe 0J CoO 3 . y «^it« 

^*3a««l**». ffl^ < ff5Etn.3[«3iHlglS^fiJSt«. t-fc 20 mm," & 9 mm, 
mm 1 mm . Ni/y-Al 2 0 3 (40- 60 @) ffittfrj 0.5 g. Att H,fi!J!K*l 

m$ h 2 «. t aafr&ififly i was. Misi^g , iah 2 ^ ch 4 «£jg» 
asm, ««f HjjgfffiMtkflifc i, ««fiiflf¥^fntiJf h 2 wan*, an*a 

fefllftttttili^J&ft. SS^St** 40ml/min, 9 8%, CO ft 

ii^tt^^F 95%, H 2 /CO=l .9 - 2.0, 

^^ffl (Zr0 2 ) ,. x _ y -(Ce0 2 ) x -(CaO) y (x = 0.05 -0.20, y = 0.05 - 0.20), (Zr0 2 ) 
,, x . y - (Ti0 2 ) x - (Y 2 0 3 ) y (x = 0.05 - 0.20, y = 0.05 - 0.20), (Zr0 2 ) ,. x - (Tb 2 0 33 ) x (x = 0.1 
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-0.4), (Zr0 2 ) I - x - y -(Tb 2 0 3 . J ) x -(YA) y (x = 0.05 -0.20, y = 0.05 - 0.20)sK (Bi 2 0 3 ) 
.-x- (Tb 2 0 3J ) x (x = 0.1 - 0.4)8*. §¥#M#JK&#iIAfi<J CH 4 i;3j 1.0 x 10 3 -5.0 x 
lO-'mlcm^min 1 ; 

^5£ffl Ln 1 . x A x Co,. y B y O J . 6 (Ln = La, Ga, Sm, Nd, Pr, A = Na, Ca, Ba, Sr, 
B = Cr, Mm Fe, Co, Ni, Cu, x= 1.0-0, y = 0-1.0), SrCo 1 . x M x 0 3 . 4 (M = Ti> 
Cr, Mn> Fe, Ni, Cu, x = 0-0.8), SrCo,. x . y Fe x Cu y 0 3 . 6 (x - 0 - 0.5, y = 0-0.3), 
Ln,. x M x Co0 3 . j (Ln = La> Pr, Nd, Sm, Ga, M = Sr, Ca, Bi, Pb, x = 0 - 0.9), La,. x M„CrOj_ 
6 (M = Ca, Sr, Mg, x = 0.1-0.9), Y 005 BaCo 095 O 3 . s , Y 0 .Ba^CoOj. s i& CaTi, JVIA. 
,(M = Fe, Co, Ni, x =0.1-0.3)8} , WM*«ta#aAW CH 4 0.3 - 80 
ml-cm" 2 -min"' ; 

YSZ-A(A=Pd, Pt, Ino. 9 Pr 01 , IiW\o25ZW WffiW#jRtfc* 0.4-2), 
Bi,. J Y 0 . J O 3 -Ag 0 . 7 Pd 0 . 3 (W*aW#^tk^ 0.4 - 2), Bi l5 Y 0 . 5 O 3 -Ag(m»1**Rtt3j 0.4 - 
2), Bi,. J Er 0 .A-Ag(WffitfJtt*Rtb3j 0.4 - 2)S& Bi 15 Er 0J O 3 -Au(W^6<J^|Rtfc^ 0.4 - 2) 
9t, n¥Um*mmmAM CH 4 *3j 0.3 - 50mlcm- 2 min-'; 

Bi 2 Sr 2 Ca n .,Cu n 0 2n+4 ( n = 1-3, Pb, Sb»^»ftBi, ffl Ba Sgffl 

±7C«ap^#re Sr, JB#±tg* Y Ca, fflilifc&JI Fe, Co, Ni Hft Cu), 
Bi 2 Sr 2 (R,. x Ce x ) 2 Cu 2 O, 0 (R=#±7u^ ) x =0-0.3), (Pb 2 Cu)Sr 2 A n . 1 Cu„0 2n+4 (A=^±7C^, 
Ca, n=l, 2), RBa 2 . x M x Cu 3 . y M' y 0 6+6 (R=^±7C^, M=Sr, Ca, Mg, M'=Fe, Co, 
Ni, Al, Ga, Zn, x, y =0-0.5)^ RBa 2 . x M x Cu 4 . y M' y 0 8 . s (R = ^±7G^. M=Sr, Ca, 
Mg, M=Fe, Co, Ni, Al, Ga, Zn, x, y =0-0.5)8} , $¥2TM#lgia#fflA#J CH, 
0.3 ~40ml-cm" 2 -min'; 

Sr,. x Bi x FeO 3 _ 6 (x=0.1-0.9), BaBi x Co y Fe,. x . y O 3 . 6 (x=0. 1-0.9, y=0.1-O.9), 
Ba x Sr,. x Co y Fe,. y O 3 . 5 (x=0. 1-0.9, y=0.1~0.9), BaCo,. x ^Fe x M y 0 3 . 8 (M=Ti, Zr, x=0.1~0.9, 
y=0.1~0.9), La 2 Ni0 4+4 SE La 2 . x A,Ni,. y B y 0 4+ «(A=Sr, Zr, Ca, Mg, B=Co, Fe, Cu) 
fft, iIA#J CH 4 i:3j 1 ~60ml cm- 2 min-'; 

S^ffi YBa 2 Cu 3 0 6+s , Y,. x Zr x Ba 2 Cu 3 . y M y 0 6+ ,(M=Fe, Ni, Al, Sn, x=0. 1-0.6), Y,. 
.Zr.BajCu^j, YBajCu 3 . x Fe x O M , LaGa,. x . y A x B y O„(A=Co, Ni, B=Mg, Fe, x=0.1~0.8, 
y=0~0.5), La,. x A«Ga,. y B y 0 3 _ s (A= Sr, B=Co, Fe, Cu, Ni, x=0~0.8, y=0.2~l)§E 
UCo,^B y O M (A=Fe, W, Ga, B=Ni, Mg) B*. §¥#M#Ig&#»Ato CH 4 
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itft 0.3~35ml cm 2 -mm'. 

&H*1mA-fem&) h 2 o, 4iiM#^iSS^, Wt.Bim&&tt%&) c/h tt, 

xprw^um^ffl. ^ffi^raa. &xz&}&Mim®m 6 *bi§i, w 

«J* COo ft&ti~&J&H&W&frM® 24 H 2 . CO glifWl 23 -5 CH 4 , H 2 0 

m^lSJ&AS.®.® 16 , CH 4 /H 2 0 \t% 1.4-1.6, CH 4 /C0 fck^ 2.8-3.2.. Ifflft 
SrFe 0 . J CoO 3 . y ^MM^£JBt#M. t*20 
mm, US 9 mm, Hff 1 mm. Ni/y-Al 2 0 3 (40- 60 1 ) Bitffl 0.5 go, + 

mm co munrnm. co m^is^^j 1 %&&m%!3, mm 
h 2 o co mmnm, ^H^m^mmir^m., mmw&m 

13j 40ml/min, 98%, CO 95%. H 2 /C0=1.9 - 2.0. 

mmT&mmm srFe 05 coo 3 . y ft%ms.&mm, fraigw&^m^j&H 

%%F8 (Zr0 2 ) ,. x . y - (Ce0 2 ) x - (CaO) y (x = 0.05 - 0.20, y = 0.05 - 0.20), ( Zr0 2 ) 
,. x . y - (Ti0 2 ) x - (Y 2 0 3 ) y (x = 0.05 - 0.20, y - 0.05 - 0.20), (Zr0 2 ) ,,- (Tb 2 0 35 )x(x = 0.1 
-0.4), (Zr0 2 ) 1 - x . y -(Tb 2 0 35 ) x -(Y 2 0 3 ) y (x = 0.05 -0.20, y - 0.05 - 0.20)lK (Bi 2 0 3 ) 
.-x- (Tb 2 0 33 )x(x = 0.1 - 0.4)8*. «¥#MM#iiAtfj CH,** 1.0 x 10° -1.0 x 
lO'ml-cm'^min" 1 ; 

^Tttffl Ln,. x A x Co,. y B y 0 3 - 6 (Ln = La, Ga> Sm, Nd, Pr, A = Na, Ca, Ba, Sr, 
B = Cr, Mn, Fe, Co, Ni, Cu, x= 1.0-0, y = 0-1.0), SrCo,. x M x 0 3 _ 5 (M = Ti, 
Cr, Mn, Fe, Ni, Cu, x = 0-0.8), SrCo^.^CUyO^x = 0 - 0.5, y = 0-0.3), 
Ln,. x M x Co0 3 . s (Ln = La, Pr, Nd, Sm, Ga, M = Sr, Ca, Bi, Pb, x = 0 - 0.9) , La,. x M x Cr0 3 . 
5 (M = Ca, Sr, Mg, x = 0.1-0.9), Y 0 05 BaCo 0 ,jO 3 - s , Yo.BaojCoOj.gBjc CaTi,. x M x 0 3 . 
4 (M = Fe, Co, Ni. x =0.1-0.3)8} , W2fffi#«iB#SiAW CU 4 0.3 - 50 
mlcm" J min"' ; 

YSZ-A(A=Pd, Pt, Ino. 9 Pr 01 , I% 95 Pr 0 .o 25 Zr 0 . 02S . MffiMttftft* 0.4 - 2), 
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Bi,. 5 Y 0 . 5 O 3 -Ag 0 . 7 Pd 0J (Mffifttt*Rfct:*/ 0.4 - 2), Bi 13 Y M O,-Agfl05*Btt#«ttft 0.4 ~ 
2). Bi l . J Er 0 .jO J -Ag(M*lKl#&kfc# 0.4~2)s£ Bi 15 Er 0J O 3 -Au(MfflWW>-tk^ 0.4-2) 
8} . *¥2f ffitflRfflttSi AM CH 4 fi^ 0.3 - 30 ml-cm'-min-' ; 

Bi 2 Sr 2 Ca n .,Cu n 0 2n+4 ( n = 1-3, fe&ffl Pb, Sb£jJ##ttBi, ffl Ba SS^ 
±7cSiaU^^ Sr, ffl^±7cm Y mX Ca, fflM&JS Fe, Co, Ni Cu), 
Bi 2 Sr 2 (R 1 . x Ce x ) J Cu 2 O 10 (R=#±7C^,x =0-0.3) , (Pb 2 Cu)Sr 2 A„. 1 Cu n 0 2n+4 (A=#±7C^ , 
Ca, n=l, 2), RBa 2 . J ,M x Cu 3 . y M' y 0 6+4 (R=#±7C^, M=Sr, Ca, Mg, M'=Fe, Co, 
Ni, Ah Ga, Zn, x, y =0~0.5)a£ RBa 2 . x M x Cu 4 . y M' y O g . 6 (R=#±7C^, M=Sr, Ca, 
Mg, M=Fe, Co, Ni, Al, Ga, Zn, x, y=0~0.5)8t, f f^If Ii#IAW CH 4 
1k%] OJ-lOmlcm^mm'; 

i^ffl Sr,. x Bi x FeO 3 . 8 (x=0. 1-0.9), BaBi x Co y Fe,. x . y O 3 . t (x=0. 1-0.9, y=0.1~0.9), 
Ba x Sr,. x Co y Fe,. y O 3 . 6 (x=0.1~0.9, y=0.1~0.9), BaCo.^yFe^Oj-^M^Ti, Zr, x=0.1~0.9, 
y=0.1~0.9), La 2 Ni0 4+s g4 La 2 . x A x Ni,. y B y 0 4+6 (A=Sr, Zr, Ca, Mg, B=Co, Fe, Cu) 
Bt. fflA^CH 4 *^ l~40ml-cm- 2 -min I ; 

%m YBa 2 Cu 3 0 6+s , Y,. x Zr x Ba 2 Cu 3 . y M y 0 6+5 (M=Fe, Ni, Al, Sn, x=0.1~0.6), Y,. 
x Zr x Ba 2 Cu 3 0 6+5 , YBa 2 Cu 3 . x Fe x 0 6+5 , LaGa,. x . y A x B y O w (A=Co, Ni, B=Mg, Fe, x=0.1-0.8, 
y=0~0.5), La,. x A x Ga,. y B y 0 3 _j(A= Sr, B=Co, Fe, Cu, Ni, x=0~0.S, y=0.2~l)l£ 
LaCo,. x . y A x B y 0 3 ^(A=Fe, W, Ga, B=Ni, Mg) Bt, §¥2TJI*Jl*a#jIA#J CH 4 

0.3 - 35ml-cm' J -min"'o 
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